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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a power supply method to 
a discharge electrode, a high-frequency plasma generation method, 
and a semiconductor thin-film manufacturing method that can 
generate a uniform plasma with large area, and perform uniform 
treatment to a large substrate or the like in a plasma CVD utilizing 
a very high frequency(VHF) or the like. 

SOLUTION: In this power supply method to the discharge electrode 
for generating a discharge state based on high-frequency power 
that is fed to the discharge electrode, a high-frequency power 
supply where high frequencies with a different oscillation frequency 
are independent each other is used, and the generation of a 
standing wave is inhibited by difference in the frequency of each 
power supply. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electric supply approach to the discharge electrode characterized by supplying the RF of an 
oscillation frequency which is the electric supply approach to the discharge electrode for generating a discharge 
condition based on the high-frequency power to which electric power was supplied by the discharge electrode, 
and is different using the RF generator which carries out mutually-independent, and controlling generating of a 
standing wave according to the difference of the frequency of each power source. 

[Claim 2] The electric supply approach to the discharge electrode characterized by making the difference of the 
frequency between each RF generator into less than 20% of the oscillation frequency of each RF generator in an 
approach according to claim 1 . 

[Claim 3] The electric supply approach to the discharge electrode characterized by controlling the frequency of 
each RF generator by one set of an oscillator in an approach according to claim 1 or 2. 

[Claim 4] Are the electric supply approach for generating a discharge condition based on the high-frequency 
power to which electric power was supplied, and are two or an RF generator beyond it, and each frequencies 
differ. The electric supply approach to the discharge electrode characterized by arranging mutually two or more 
feeding points to a discharge electrode to a symmetric position in the electric supply approach linked to the 
discharge electrode beyond one or it in one discharge container using the RF generator from which time amount 
change of each phase contrast differs. 

[Claim 5] Are the electric supply approach for generating a discharge condition based on the high-frequency 
power to which electric power was supplied, and each frequencies differ, using two or the RF generator beyond 
it. In the electric supply approach which connects with the discharge electrode beyond one or it in one discharge 
container using the RF generator from which time amount change of each phase contrast differs The electric 
supply approach to a load electrode, the adjustment machine which performs impedance matching of an RF 
generator, and the discharge electrode characterized by installing an isolator between the RF generators 
concerned, reducing the incidence high-frequency power from other RF generators to the RF generator 
concerned, and protecting the power source concerned. 

[Claim 6] It is the electric supply approach that it is characterized by being [ of an average of the difference of 
the frequency of each RF generator of a frequency ] less than 1% preferably less than 4% in an approach 
according to claim 5. 

[Claim 7] In the electric supply approach which is the electric supply approach for generating a discharge 
condition based on the high-frequency power to which electric power was supplied, and connects with the 
discharge electrode beyond one or it in one discharge container using two or the RF generator beyond it The 
electric supply approach to the discharge electrode characterized by restricting the output of RF generators other 
than the RF generator concerned, reducing the incidence high-frequency power from other RF generators to the 
RF generator concerned, and protecting the RF generator concerned with the magnitude of the high-frequency 
power which carries out incidence to each RF generator from a discharge electrode side. 
[Claim 8] Are the electric supply approach for generating a discharge condition based on the high-frequency 
power to which electric power was supplied, and each frequencies differ, using two or the RF generator beyond 
it. In the electric supply approach which connects with the discharge electrode beyond one or it in one discharge 
container using the RF generator from which time amount change of each phase contrast differs The electric 
supply approach to the discharge electrode characterized by combining the high-frequency power from two or 
more RF generators by the RF mixer, and supplying electric power to a discharge electrode. 

http://www4.ipdl.ncipi.go.jp/cgi^ 6/16/2005 



JP,2001-274099,A [CLAIMS] 



Page 2 of 3 



[Claim 9] The electric st|P^ approach to the discharge electrode chSBRerized by changing the distribution of 
voltage which it is the electric supply approach to the discharge electrode for generating a discharge condition 
based on the high-frequency power to which electric power was supplied, and the voltage swing of the high- 
frequency power concerned is changed in time, namely, is produced in the discharge electrode concerned by 
carrying out AM. 

[Claim 10] It is the electric supply approach to the discharge electrode characterized by being shorter than the 
disappearance life of the activity atom in the plasma generated with the discharge electrode concerned, an 
activated molecule, or ion, and making preferably or less into 1/2 the period which is the inverse number of the 
difference of a frequency, or the period which is the inverse number of an AM frequency in the electric supply 
approach of any or given in one, claim 1 thru/or among 9. 

[Claim 1 1] Life tau:tau **(delta x)2/of SiH3 activated molecule calculated from a bottom type in the electric 

supply approach of any or given in one, in the period which is the inverse number of the difference of a 

frequency, or the period which is the inverse number of AM ****** claim 1 thru/or among 9 (2D) 

It is the electric supply approach to the discharge electrode characterized by D of D= 2.5x103 (cm2/second) and 

deltax being shorter than life 1 .lx both 10 to 4 both [ either or ] of the distance (cm) from an electrode to a 

substrate, or a 2 hydrogen-atom radical here at a diffusion coefficient, and carrying out to 1/2 or less preferably 

here. 

[Claim 12] It is the electric supply approach to the discharge electrode characterized by being longer than the 
generating life of the activity atom in the plasma generated with the discharge electrode concerned, an activated 
molecule, or ion, and making preferably into 4 or less times the period which is the inverse number of the 
difference of a frequency, or the period which is the inverse number of an AM frequency more than twice 10 or 
less times in the electric supply approach of any or given in one, claim 1 thru/or among 9. 
[Claim 13] It is the electric supply approach to the discharge electrode characterized by making preferably into 
one or less ms the period which is the inverse number of the difference of a frequency, or the period which is 
the inverse number of an AM frequency 1 or less second in the electric supply approach of any or given in one, 
claim 1 thru/or among 9. 

[Claim 14] It is the electric supply approach to the discharge electrode characterized by being longer than the 
discharge field residence time t of the material gas calculated from a bottom type, and making preferably more 
than into twice the period which is the inverse number of the difference of a frequency, or the period which is 
the inverse number of an AM frequency in the electric supply approach of any or given in one, claim 1 thru/or 
among 9. 

t**(S-delta x)/Q, however S are substrate area (cm2). 

delta x is the distance (cm) from a discharge electrode to a substrate. 

Q is a volumetric flow rate (cm3/second). 

[Claim 15] The electric supply approach to the discharge electrode characterized by a discharge electrode being 
a ladder mold electrode or a mesh-like electrode in the electric supply approach of any or given in one, among 
claim 1 thru/or the 14th term. 

[Claim 16] The electric supply approach to the discharge electrode characterized by a discharge electrode being 
an parallel monotonous mold electrode in the electric supply approach of any or given in one, among claim 1 
thru/or the 14th term. 

[Claim 17] The electric supply approach to the electrode which installs [ in /, among claim 1 thru/or the 16th 
term / the electric supply approach of any or given in one ] a substrate among discharge electrodes, and the 
discharge electrode characterized by supplying high-frequency power from the RF generator beyond two sets or 
it at each of an electrode which does not install a substrate. 

[Claim 1 8] The plasma generating approach characterized by generating the plasma by the electric supply 
approach of any or given in one, claim 1 thru/or among 17. 

[Claim 19] The semi-conductor manufacture approach or the surface treatment approach characterized by 
attaining film production, etching, or distribution equalization of surface treatment by the plasma generating 
approach according to claim 18. 

[Claim 20] The plasma generating approach characterized by making generating of the activated molecule 
within the plasma efficient by moving the plasma to claim 1 thru/or the 17th term spatially and in time by the 
electric supply approach of a publication. 

[Claim 21] The semi-conductor manufacture approach or the surface treatment approach characterized by 
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attaining improvement if^K speed of film production, etching, or sulBRe treatment by the plasma generating 
approach according to claim 18. 

[Claim 22] The electric supply approach characterized by being in the range whose frequency of all the RFs 
used in the electric supply approach, the plasma generating approach, or the semi-conductor manufacture 
approach of a publication for either claim 1 thru/or the 21st term is 10-800MHz, the plasma generating 
approach, the semi-conductor manufacture approach, or the surface treatment approach. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric supply approach, the plasma generating approach 
using this, and the semi-conductor manufacture approach to a discharge electrode of the RF plasma generator 
used for film production of semi-conductors, such as an amorphous silicon used for a solar battery, a thin film 
transistor, etc., microcrystal silicon, polycrystal thin film silicon, and silicon nitride, and etching of the semi- 
conductor film. Moreover; it can use also for various kinds of surface treatment using discharge. 
[0002] 

[Description of the Prior Art] As the configuration of the above-mentioned RF plasma generator, and an 
example of the manufacture approach of the semi-conductor using it, the example of representation in two the 
case where a ** parallel monotonous mold electrode is used, and at the time of using ** ladder electrode is 
given and explained about the case where an amorphous silicon semi-conductor thin film (henceforth a-Si) is 
manufactured with plasma chemistry vacuum evaporationo equipment (henceforth PCVD equipment). 
[0003] Drawing 8 shows the example of 1 configuration of the equipment using the parallel monotonous mold 
electrode of ** very generally used for a-Si film production. The substrate heater 2 is installed in the reaction 
container 1 , and it grounds electrically. It separates from the substrate heater 2 in the substrate heater 2 and the 
location which countered 20mm, for example, and a plate electrode 3 is installed in it. External RF generator 4 
is connected to a plate electrode 3 through an impedance matching box 5 and a coaxial cable 6. The ground 
shielding 8 is installed in a plate electrode 3 so that the unnecessary plasma may not generate to the substrate 
heater 2, the field which counters, and the opposite side. 

[0004] The following procedures perform a-Si film production. First, the substrate 16 which produces an a-Si 
thin film is installed on the substrate heater 2 set, for example as 200 degrees C. SiH4 gas is introduced for 
example, by rate-of-ftow SOsccm from a gas supply line 17, and the pressure in the reaction container 1 is 
adjusted for example, to 100mTorr(s) by adjusting the exhaust velocity of the vacuum pump system linked to 
the evacuation tubing 1 8 which is not illustrated. High-frequency power is supplied and the plasma is generated 
between a substrate 16 and a plate electrode 3. An impedance matching box 5 is adjusted so that high-frequency 
power may be efficiently supplied to the plasma generating section. In the plasma 19, SiH4 decomposes and a-S 
** is produced by substrate 16 front face, for example, a 10-minute about room ~ the a-Si film of required 
thickness is produced by producing a film in this condition. 

[0005] Drawing 9 shows the example of 1 configuration of the equipment which used the ladder electrode 303 
of **. About the ladder electrode, the detail is reported to JP ,4-236781 ,A. Drawing 10 is drawing drawn from 
[ of drawing 9 ] A so that the structure of the ladder electrode 303 might be known well. Moreover, although the 
electrode of the shape of a mesh which two electrode groups which put two or more electrodes in order in 
parallel like a ladder electrode as an electrode configuration into which the ladder electrode was developed were 
made to go direct, and was arranged is reported to JP,1 1-1 1 1622,A, this is also considered to be a kind of a 
ladder electrode and can be used similarly. 

[0006] The substrate heater 2 (not shown to drawing 10 ) is installed in the reaction container 1 , and it grounds 
electrically. It separates from the substrate heater 2 in the substrate heater 2 and the location which countered 
20mm, for example, and the ladder electrode 303 is installed in it. External RF generator 4 is connected to the 
ladder electrode 303 through an impedance matching box 5 and a coaxial cable 6. The ground shielding 308 is 
installed in the ladder electrode 303 so that the unnecessary plasma may not generate to the substrate heater 2, 
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the opposite side. 

[0007] The following procedures perform a-Si film production. First, the substrate 16 which produces the a-Si 
film is installed on the substrate heater 2 set, for example as 200 degrees C. SiH4 gas is introduced for example, 
by rate-of-flow 50sccm from a gas supply line 17, and the pressure in the reaction container 1 is adjusted for 
example, to 100mTorr(s) by adjusting the exhaust velocity of the vacuum pump system linked to the evacuation 
tubing 1 8 which is not illustrated. High-frequency power is supplied and the plasma is generated between a 
substrate 16 and the ladder electrode 303. An impedance matching box 5 is adjusted so that high-frequency 
power may be efficiently supplied to the plasma 319 generating section. In the plasma 319, SiH4 decomposes 
and the a-Si film is produced by the substrate 16. For example, the a-Si film of ****** thickness is produced by 
producing a film in this condition about 10 minutes. 

[0008] This example of a configuration has the following descriptions of two points as compared with the 
example of a configuration of drawing 8 . The first description is using the electrode called the ladder mold 
which constructed ****** of a circular cross section in the ladder mold, not using a plate electrode as an 
electrode. Since SiH4 gas of a raw material flows between electrodes freely, this electrode has the description 
that feeding is carried out to homogeneity. The second description is having gone to two or more (here four 
points) parts rather than having supplied electric power to one place of an electrode. 
[0009] 

[Problem(s) to be Solved by the Invention] Quality improvement of low-cost-izing according [ the thin film 
transistor for the thin film semiconductor for solar batteries and flat-panel displays produced using current and 
the above-mentioned technique ] to high-speed film production and low defect density, the rate of high 
crystallization, etc. is called for. As the new plasma production approach which fills these demands, there is 
high RF-ization (30-800MHz) of an RF generator. It is describing that improvement in the speed and quality 
improvement of a film production rate are compatible with RF-ization reference 

Mat.Res.Soc.Symp.Proc. Vol.424, pp.9, and 1997. It turns out that this high RF is suitable for high-speed high 
quality film production of the microcrystal Si thin film which attracts attention as a new thin film which 
replaces a-Si especially recently. 

[0010] However, the film production by this high RF has the fault that homogeneity large area film production 
is difficult. Since the wavelength of a high RF is order comparable as electrode size, this is because the plasma 
becomes uneven by generating of the electrode top standing wave which makes the main factor the reflected 
wave produced at an electrode edge etc., the effect on the distribution of voltage by existence of a suspension 
inductance, the mutual intervention of the plasma and a RF, etc. and a result and film production become an 
ununiformity. 

[001 1] ** In the above-mentioned example of a configuration given as an example of representation at the time 
of using an parallel plate electrode, if electrode size exceeds 30cmx30cm or a frequency exceeds 30MHz, the 
effect of the above-mentioned standing wave will become remarkable, and achievement of **10% of 
indispensable film production thickness homogeneity will become difficult on semi-conductor film production. 
[0012] Drawing 1 1 is one example of the distribution of voltage by the 100MHz standing wave. Ion saturation 
current distribution is also shown in coincidence at drawing 1 1 . Since ion saturation current distribution is 
almost equal to electron density distribution and measurement is easy, generally it is used as an index of plasma 
distribution. It turns out that the standing wave will have arisen on the electrode if distribution of voltage is 
seen, and ion saturation current distribution, i.e., plasma distribution, has become an ununiformity 
corresponding to it. 

[0013] In addition to using the ladder electrode, drawing 9 raised on the other hand as an example of 
representation at the time of using ** ladder electrode and drawing 10 are characterized by reducing the 
standing wave produced notably by supplying electric power to four points by one-point electric supply. 
However, if electrode size exceeds 30cm or a frequency exceeds 80MHz even in this case, implementation of 
uniform film production will become difficult. 

[0014] The distribution of voltage produced on a ladder electrode when four points supply electric power to 
drawing 12 by 60MHz and 100MHz is shown. Although 60MHz shows comparatively uniform distribution of 
voltage, in 100MHz, it is an ununiformity. Moreover, the feeding point location of four points needs to find the 
optimal location by trial and error, and takes time and effort very much. Furthermore, when film production 
conditions, such as gas pressure and high-frequency power, are changed, there is a problem that the optimal 
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location will change. 

[0015] Connecting the reactance (coil) which does not have a loss in the opposite side a monotonous parallel 
electric supply side is proposed as a society also attracts attention and the above problems are described 
reference Mat.Res.Soc.Symp.Proc. Vol.377, pp.27, and 1995 until now, for example. This is changing the 
reflective conditions from the electrode edge of a standing wave, and distribution generates a comparatively 
even part, for example, near the maximum of a sine wave, on an electrode in the wave of a standing wave, and it 
lessens distribution of voltage produced in an electrode. However, since this approach does not lose a standing 
wave from the origin but it is made for an even part to only generate it on an electrode among sine waves, it is 
to about [ of wavelength ] 1/8 that a homogeneity part is obtained, and equalization of the range exceeding it is 
theoretically impossible. 100MHz shows the distribution of voltage when carrying out termination of the 
parallel monotonous end by the reactance (coil) without a loss to drawing 13 . Thus, although about 30cm is 
uniform from a termination edge, it is an ununiformity more than it and this part cannot be used for film 
production. 

[0016] As mentioned above, in plasma generating using a high RF, by the Prior art, the uniform plasma was 
generated in the large area for a very big substrate which exceeds lmxlm, and homogeneity processing was not 
able to be performed. 

[0017] in addition — as the similar technique of this invention — two — things — there is a technique which 
supplies a RF to two discharge electrodes, respectively, for example, it is explained by M.Noisan, J.Pelletier, 
ed., "Microwave Excited Plasmas", Technology, 4, second impression, pp.401, and Elsevier Science B.V.I 999 
in full detail. 

[0018] However, one high frequency is used for the purpose of this technique for control of the high frequency 
of another side of the surface bias voltage of an insulating substrate for plasma production, it is controlling the 
inflow and incidence energy of activity ion etc. to a substrate, and the uniform plasma is generated in a large 
area for a big substrate very much, and it completely differs from the purpose which performs homogeneity 
processing that lmxlm of this invention is exceeded. 

[0019] Are made in order that this invention may solve the above-mentioned technical problem, and the 
uniform plasma is made to generate by the large area for a big substrate in the plasma CVD using a high RF 
(VHF), and it aims at offering the electric supply approach, the RF plasma production equipment, and the semi- 
conductor thin-film- fabrication approach to the discharge electrode which can perform homogeneity processing. 

[0020] 

[Means for Solving the Problem] The 1st of invention of the high-frequency-discharge electrode which solves 
said technical problem is devised that uniform film production should be carried out also to the substrate of the 
very big size exceeding lmxlm by abolishing theoretically generating of the standing wave produced on an 
electrode in consideration of such a situation, and making distribution of voltage into homogeneity. 
[0021] As an ununiformity generating cause of the plasma consistency in a high RF, as mentioned above, 
although generating of an electrode top standing wave, the effect on the distribution of voltage by existence of a 
suspension inductance, the mutual intervention of the plasma and a RF, etc. had been considered, as a result of 
artificers' examining this wholeheartedly, as described in Object of the Invention, it found out that standing 
wave generating on an electrode was the main factor. Then, it considered supplying two frequencies to an 
electrode and producing peat as a means to abolish generating of a standing wave theoretically. 
[0022] Below, in order to make it intelligible, it simplifies and explains. That is, if it simplifies to one 
dimension, the case where two frequencies are supplied from the both ends of one electrode is considered, the 
decay of waves of each RF can be disregarded further, and each amplitude of a phase constant is equal at 1 and 
reflection in an electrode edge can ignore small, the wave of the RF supplied from both ends is given by the 
bottom type (1) and (2), respectively. 
[0023] phil=cos (omega lt-klz) .... (1) 
phi2=cos (omega2t+k2z) .... (2) 

Here, for omega, the angular frequency (rad/s) of each wave and k are [ time amount and z of the wave number 
(rad/m) and t ] locations (m) (s). 

[0024] The wave number k is expressed like a degree type (3) using phase velocity v (m/s) and angular 
frequency omega. 
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[0025] kl=omegal/vl, k2^feiega2/v2 .... (3) 
The distribution of voltage phi on an electrode is expressed with the sum of these waves, i.e., a bottom type, (4). 

[0026] 

Phi=phi l+phi2=cos(omegalt-klz)+cos(omega2t+k2z) =2cos(omegaavet-kmodz) cos (omegamodt-kavez) .... 
(4) 

however, omega ave=omega 1+omega 2/2 and omega mod-omega 1 -omega — 2/2, kave=kl+k2/2, and 
kmod=kl-k2/2 — in the case of omega 1 =omega2 (i.e., when the RF of the same frequency is supplied from both 
ends), it thinks first. This corresponds, when high-frequency power is distributed and supplied to two from the 
power source of a single, or when two or more RF generators by the RF from a single oscillator are 
synchronized, it operates and the output is supplied. In this case, distribution of voltage phi is expressed with a 
bottom type (5). 
[0027] 

phi=2cos(omegalt) cos (-omegal/vl, andz) .... (5) 

An upper type (5) shows that the carrier wave cos (omega It) of angular frequency omega 1 and the standing 
wave which consists of an envelope cos (-omegal/vl, andz) arise. 

[0028] On the other hand, in the case of omegal !=omega2 from which a frequency is different, distribution of 

voltage phi is searched for by the bottom formula (6). 

[0029] 

phi=2cos(omegaavet-kmodz) cos (omegamodt-kavez) 
.... (6) 

It becomes the carrier wave cos (omegaavet-kmodz) of angular-frequency omegaave, and the modulated wave 
cos (omegamodt-kavez) of angular-frequency omegamod generally called a "beat" or a "beat", and a modulated 
wave moves spatially and does not turn into a standing wave from an upper type (6). 

[0030] Obtaining high-speed high quality film production using a high RF based on this principle by supplying 
the RF of a different frequency beyond two or it to an electrode, very much, also with the equipment for big 
substrate size that lmxlm is exceeded, for example, this invention suppresses generating of the standing wave 
in an electrode, and offers the electric supply approach to the discharge electrode which enables the uniform 
plasma and uniform processing. 

[0031] Moreover, the second of this invention offers the approach of power-source protection required in order 
to supply a RF to an electrode from the power source beyond two or it. 

[0032] Moreover, the third of this invention offers the approach of raising processing effectiveness by making 
the period of plasma generating into the period which the activated molecule in the plasma required for the 
plasma treatment etc. generates efficiently. 

[0033] Moreover, the fourth of this invention offers the approach of equalizing reduction of particle, 
improvement in membraneous quality, and film pressure distribution by considering as a period effective for 
discharge from control of generating of the period of plasma generating of particle, or the discharge field of 
particle. 

[0034] Hereafter, a detail is explained for every claim. 

[0035] Invention of the electric supply approach to the high-frequency-discharge electrode of claim 1 which 
solves said technical problem aims at acquiring effectiveness from using two sets of the independent RF 
generators as a concrete means to supply two frequencies (omegal !=omega2) to an electrode, usually — for 
example, when two 60MHz power sources are prepared, it usually comes out that there is a difference in the 
frequency of about hundreds of kHz for the precision of the oscillator which is alike, respectively and is built in. 
Therefore, omegal !=omega2 can be automatically realized by this difference, generating of a standing wave 
can be controlled, and solution of a technical problem can be aimed at by the very easy system. 
[0036] Claim 2 makes the difference of a frequency less than 20% in order to prevent this, since the engine 
performance of film production or etching will fall remarkably from the engine performance of the optimal 
frequency, if the difference of the frequency between each RF generator is enlarged not much and frequency of 
one of the two shifts from the optimal frequency greatly. 

[0037] With the entire independent power source, since the difference of a frequency may not be stabilized but 
a problem may arise in repeatability, claim 3 aims at securing repeatability by controlling this to constant value. 
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[0038] In controlling a st^^ig wave using two or more power sourc^^^ie aforementioned-like 1 -dimensional 
modeling needs to be applied, but claim 4 is characterized by arranging mutually two or more feeding points to 
a discharge electrode to a symmetric position as one concrete condition. 

[0039] In controlling a standing wave using two or more power sources, the RF from which a frequency and a 
phase are different from other power sources to the power source concerned carries out incidence of claim 5. 
For the purpose of preventing that the power source concerned receives damage between a load electrode, the 
adjustment machine which performs impedance matching of an RF generator, and this cough RF generator An 
isolator is installed, the incidence high-frequency power from other RF generators to the RF generator 
concerned is reduced, and it is characterized by protecting the power source concerned. 
[0040] In claim 5, since the frequency bandwidth of the isolator which can actually be manufactured easily is 
about 4% in lkW or less of high-frequency power and is about 1% in about 2kW of high-frequency power, 
claim 6 considers the system construction in within the limits of this, and is characterized by being [ of an 
average of the difference of the frequency of each RF generator of a frequency ] less than 1% preferably less 
than 4%. 

[0041] In controlling a standing wave using two or more power sources, the RF from which a frequency and a 
phase are different from other power sources to the power source concerned carries out incidence of claim 7. 
With the magnitude of the high-frequency power with which the power source concerned carries out incidence 
of receiving damage to each RF generator from a discharge electrode side for the purpose of preventing Restrict 
the output of RF generators other than the RF generator concerned, and the incidence high-frequency power 
from other RF generators to this cough RF generator is reduced. In controlling a standing wave using two or 
more power sources, claim 8 which is what is characterized by protecting the RF generator concerned by 
supplying the RF of two or more frequencies from the one feeding point The high-frequency power from two or 
more RF generators is combined with a RF mixer for the purpose of building a system cheaply compared with 
the case where it supplies, from the separate feeding point, and it is characterized by supplying electric power to 
a discharge electrode. 

[0042] Claim 9 is characterized by changing the distribution of voltage produced in the discharge electrode 
concerned, when the voltage swing of high-frequency power is changed in time, namely, carries out AM as 
means with another using two frequencies as a means to control a standing wave. 

[0043] Since it will become the form where the plasma repeats ON/OFF and will have a bad influence on 
results, such as film production quality, if claim 10 has a late period in the electric supply approach given in any 
1 term of claims 1 -9 The period which is the inverse number of the difference of a frequency as conditions 
required in order to prevent this, and to continue the condition of ON in false, Or it is shorter than the 
disappearance life of the activity atom in the plasma which generates the period which is the inverse number of 
an AM frequency with the discharge electrode concerned, an activated molecule, or ion, and is characterized by 
carrying out to 1/2 or less preferably. 

[0044] Since it will become the form where the plasma repeats ON/OFF and will have a bad influence on 
results, such as film production quality, if claim 1 1 has a late period in the electric supply approach given in any 
1 term of claims 1 -9 The period which is the inverse number of the difference of a frequency as conditions 
required in order to prevent this, and to continue the condition of ON in false, Or life tau:tau ♦♦(delta x)2/of 
SiH3 activated molecule concretely called for from a bottom type (7) for the silicon thin film film production 
using a silane in the period which is the inverse number of an AM frequency (2D) — (7) 

Here, D of D= 2.5x103 (cm2s-l) and deltax is shorter than life l.lx both 10 to 4 both [ either or ] of the distance 
(cm) from an electrode to a substrate, or a 2 hydrogen-atom radical here at a diffusion coefficient, and it is 
characterized by carrying out to 1/2 or less preferably. 

[0045] Claim 12 is set to the electric supply approach given in any 1 term of claims 1-9. It is aimed at the 
application which the activity atom, activated molecule, or ion in the plasma begins to generate in the OFF time 
amount after plasma generating, for example, the application to etching etc. Make a period late purposely, make 
the OFF time amount of the plasma intentionally, and sufficient OFF time amount to generate the activity atom, 
activated molecule, or ion in the plasma is held, and as conditions which generate the activity atom concerned, 
an activated molecule, or ion efficiently by generating the following plasma and turning off again before the 
activity original hands, activated molecules, or ion in the plasma decrease in number It is longer than the 
generating life of the activity atom in the plasma which generates the period which is the inverse number of the 
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difference of a frequency^^^he period which is the inverse number ^^AM frequency with the discharge 
electrode concerned, an activated molecule, or ion, and is characterized by taking preferably for 4 or less times 
more than twice 10 or less times. 

[0046] Claim 13 is characterized by aiming at reduction of particle among claims 1-9 by making preferably into 
one or less ms the period which is the inverse number of the difference of a frequency, or the period which is 
the inverse number of an AM frequency 1 or less second in the electric supply approach of any or given in one. 
[0047] Claim 14 is characterized by aiming at reduction of particle among claims 1-9 by being longer than the 
discharge field residence time t of the material gas calculated from a bottom type (8), and making preferably 
more than into twice the period which is the inverse number of the difference of a frequency in the electric 
supply approach of any or given in one, or the period which is the inverse number of an AM frequency. 
[0048] t**(S-delta x)/Q - (8) 
However, S is substrate area (cm2). 

delta x is the distance (cm) from a discharge electrode to a substrate. 
Q is a volumetric flow rate (cm3/second). 

Claim 1 5 is characterized by a discharge electrode being a ladder mold electrode as one concrete condition that 
the aforementioned-like 1 -dimensional modeling is realized simply in the electric supply approach given in any 
1 term of claims 1-14. 

[0049] Claim 1 6 is characterized by a discharge electrode being an parallel monotonous mold electrode as an 
approach generally used for any 1 term of claims 1-14 in the electric supply approach of a publication. 
[0050] Claim 17 is set to the electric supply approach given in any 1 term of claims 1-16. The electrode which 
installs a substrate among discharge electrodes for the purpose of supplying the high-frequency power for being 
one of the two frequencies for securing homogeneity, and adjusting the incidence energy of the ion to a 
substrate to a substrate lateral electrode, It is characterized by supplying high-frequency power from the RF 
generator beyond two sets or it at each of an electrode which does not install a substrate. 
[0051] Claim 18 is the plasma generating approach characterized by generating the plasma by the electric 
supply approach given in any 1 term of claims 1-17. 

[0052] Claim 19 is the semi-conductor manufacture approach or the surface treatment approach characterized 
by attaining film production of a semi-conductor, or distribution equalization of etching by the plasma 
generating approach according to claim 1 8. 

[0053] Claim 20 is the plasma generating approach characterized by making generating of the activated 
molecule within the plasma efficient by moving the plasma spatially and in time by the electric supply approach 
according to claim 1 to 17. 

[0054] Claim 21 is the semi-conductor manufacture approach characterized by attaining film production of a 
semi-conductor, or improvement in the speed of etching by the plasma generating approach according to claim 
18. 

[0055] They are the electric supply approach characterized by claim 22 being in the range whose frequency of 
all the RFs used for either of one to claim 21 terms in the electric supply approach, the plasma generating 
approach, the semi-conductor manufacture approach, or the surface treatment approach of a publication is 10- 
800MHz, the plasma generating approach, the semi-conductor manufacture approach, or the surface treatment 
approach. 
[0056] 

[Embodiment of the Invention] Hereafter, with reference to an attached drawing, the gestalt of various desirable 
operations of this invention is explained. 

[0057] (Gestalt of the 1st operation) The RF plasma production equipment concerning the 1st operation gestalt 
of this invention is explained, referring to drawing 1 . Equipment 1 A is RF plasma production equipment used 
in order to produce Si semi-conductor thin film for solar batteries, and is equipped with the ladder electrode 303 
and the ground electrode 3 as a discharge electrode in the reaction container 2. The reaction container 2 is built 
airtightly and the gas supply line 1 7 and the exhaust pipe 1 8 are carrying out opening to the proper place, 
respectively. A gas supply line 17 is open for free passage in the source of gas supply which is not illustrated, 
and the gas for film production is introduced in the reaction container 17 through this. The exhaust pipe 18 is 
open for free passage to the vacuum pump's which is not illustrated suction side. Incidentally evacuation of the 
internal pressure of the reaction container 2 can be carried out now to lxlO-6Torr extent with a vacuum pump. 
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ement of the ground electrode 3 and the laEraer electrode 303 is earned out with 
predetermined spacing (for example, spacing of 20mm). The ground electrode 3 is equipped with the device 
(not shown) for holding the glass substrate 16 as a processed object, and contains the heater (not shown) for 
heating a substrate 16. The ground electrode 3 is made into 2.1mx2.1m angle size when the processed substrate 
16 is 2.0mx2.0m angle size, and it is grounded. In addition, as for the gas diffuser of a gas supply line 17, it is 
more desirable than the ladder electrode 303 to carry out opening behind, and it is desirable that gas is supplied 
in parallel from two or more parts. 

[0059] Confrontation arrangement of the ladder electrode 303 is carried out in parallel with the substrate 16 
which comes to assemble two or more parallel lengthwise direction electrodes 304 and the longitudinal 
direction electrode 305 of a pair in the shape of a grid, and is held with the ground electrode 3. 
[0060] Four feeding point 9a and nine bl are prepared in the ladder electrode 303. Among these, feeding point 
9of ** two 1st a is prepared in one longitudinal direction electrode 305, and the 2nd two feeding point nine bl 
is formed in the longitudinal direction electrode 305 of another side. In addition, each feeding point 9a and nine 
bl are located in the place which divides the longitudinal direction electrode 305 into about three equally, 
respectively. 

[0061] Adjustment machine 7a, power meter 6a, and 1st RF generator 5a are connected to this order through 
coaxial cable 8a which branches to two 1st feeding point 9a. 1st RF generator 5a builds in the high-frequency 
oscillator which oscillates a high RF (VHF) with a frequency of 60.0MHz, and high RF (VHF) power with a 
frequency of 60.0MHz is supplied to the ladder electrode 303 through feeding point 9of ** two 1st a. In 
addition, coaxial cable 8a by the side of an electrode branched using the T junction plug from adjustment 
machine 7a. 

[0062] On the other hand, adjustment machine 7b, power meter 6b, and 2nd RF generator 5b are connected to 
this order through coaxial cable 8b which branches at the 2nd feeding point nine bl . 2nd RF generator 5b has 
been independent of 1 st RF generator 5a, the high-frequency oscillator which oscillates a high RF (VHF) with a 
frequency of 60.3MHz is built in, and high RF (VHF) power with a frequency of 60.3MHz is supplied to the 
ladder electrode 303 through the 2nd two feeding point nine bl . In addition, coaxial cable 8b by the side of an 
electrode branched using the T junction plug from adjustment machine 7b. 

[0063] Thus, in case feeding point 9a which counters, and the high RF (VHF) of a mutually different frequency 
through nine bl are supplied to the ladder electrode 303, the difference (this example 0.3MHz) of the frequency 
between two high RFs (VHF) is important. About the effectiveness, it mentions later. 

[0064] It was made for-like 1 -dimensional distribution of voltage to arise in each of the lengthwise direction 
electrode 304 in this example by arranging feeding point 9a and nine bl in the symmetrical location which 
makes the core of the whole electrode the middle point at each on two longitudinal direction ****** 305 which 
the ladder electrode 303 counters. While the phenomenon of moving the standing wave which this mentions 
later at high speed was seen and plasma production distribution of the lengthwise direction on each lengthwise 
direction electrode 304 became homogeneity, plasma production distribution between each lengthwise direction 
electrode 304 (lateral plasma distribution) was also able to be made into homogeneity. 
[0065] In addition, about plasma production distribution of the latter longitudinal direction, equalization of 
plasma production distribution can be further attained by making it increase the number of the feeding points 
each from every two upper and lower sides (four totals) further with four upper and lower sides each (eight 
totals) and eight upper and lower sides (16 totals). 

[0066] Moreover, although electric power is supplied from the feeding point of every two upper and lower sides 
from two power sources 5a and 5b in this example, respectively, equalization of plasma production distribution 
can be further attained by increasing the number of power sources. For example, it is possible to raise the 
homogeneity of plasma production distribution further by supplying the high RF (VHF) power of a frequency 
which is different from four power sources to each of the four feeding points, respectively. 
[0067] Drawing 2 is the characteristic ray Fig. showing the result of having measured the luminescence 
reinforcement of the plasma which took the location on a ladder electrode (arbitration value) along the axis of 
abscissa, took luminescence reinforcement (arbitration value) along the axis of ordinate, and was generated 
using equipment 1 A of this example with the CCD camera. The place out of which the value low [ the inside of 
the size of a substrate ] three places has come all over drawing is unrelated to actual luminescence intensity 
distribution in the part becomes the shadow of a lengthwise direction electrode from on the structure of 
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equipment, and the plasn^^not in sight. In generation of the high R^^sma which used equipment 1 A, the 
thing of a 2mx2m angle for which **7% (127/minimum value 1 1 1 of peak prices) of homogeneity of an 
illuminant cloth, i.e., plasma distribution, can be attained became clear in the big field range very much so that 
clearly from this drawing. 

[0068] Since the standing wave was prevented from standing on an electrode, this is considered by 0.3MHz of 
frequency differences of RF generator 1 and RF generator 2, i.e., the "beat" by 300kHz. Or it can also be 
interpreted as the ability of the standing wave to have been moved at 300,000 waves and a high speed in 1 
second. That is, if it sees in a very short moment, standing wave distribution has arisen, but since this is moving 
at high speed, if it sees with a time average, it will be thought that it is uniform distribution. 
[0069] on the other hand, the rate to which a standing wave is moved should become quick, so that this delta 
frequency is large ~ although it comes out — a high RF — it is the need in order to acquire the film production 
rate and film production quality which employed the original property efficiently, and to acquire a film 
production rate and film production quality — at most — it is not desirable to use a frequency which is different 
20% or more from the frequency of a cycle. Moreover, in order for the adjustment machine used for the 
incidence prevention to the power source of high-frequency power to function, as for the difference of a 
frequency, it is still more desirable that it is less than 1%. In this example, from the difference of a frequency 
being about 0.5%, film production rate quality was good, and the incidence of the RF to a power source was 
also able to be suppressed to the about [ 100W ] low value so that it might mention later. 
[0070] Next, the following procedures performed a-Si film production and microcrystal Si film production. 
[0071] First, the substrate 16 of the 2mx2m angle size which produces Si thin film was laid on the substrate 
heater 3 set, for example as 200 degrees C. SiH4 gas was introduced for example, by rate-of-flow 2000sccm 
from the gas supply line 17, and, in microcrystal Si film production, in addition to SiH4 gas, the 50000sccm 
extent style of the hydrogen gas was carried out further, for example. The pressure in the reaction container 1 
was adjusted for example, to 200mTorr(s) by adjusting the exhaust velocity of the vacuum pump system linked 
to evacuation tubing which is not illustrated. 

[0072] While supplying high RF (VHF) power with a frequency of 60.0MHz from 1st RF generator 5a, 
adjusting the 1st and 2nd adjustment machines 7a and 7b, respectively so that high-frequency power may be 
efficiently supplied to the plasma When high RF (VHF) power with a frequency of 60.3MHz is supplied and the 
power from both the power sources 5a and 5b was totaled, high RF (VHF) power was supplied so that it might 
be set to 3000W, and the plasma was made to generate between a substrate 16 and the ladder electrode 303 
from 2nd RF generator 5b. In the plasma, SiH4 decomposed and the a-Si film and the microcrystal Si film were 
produced by the substrate front face, for example, a 10-minute about room — the film of required thickness was 
produced by producing a film in this condition. Thickness distribution of the produced sample is measured, a 
feeding point location is tuned finely, and the optimal distribution was acquired. It was obtained, and 
homogeneity is **10% and the high speed on for example, microcrystal film production and of l.Onm/second in 
a film production rate attained the homogeneity needed with Si thin film semiconductor for solar batteries. 
[0073] Furthermore, when the membraneous quality of the made film was measured, it is high quality that the 
Raman peak ratio exceeds 9:1 etc., in addition a refractive index, the spectral characteristic, defect density, etc. 
hardly changed to the case where a film is produced using the same 60MHz with an about [ 5cmx5cm ] small 
sample, similarly. 

[0074] Since ON/OFF is repeated twice [ 300,000 times x ] in 1 second after this having enough quick ON/OFF 
of the plasma produced by high-speed migration of a standing wave, namely, a delta frequency being 300kHz, 1 
time of OFF time amount becomes 2x10 to 6 or less seconds, and is the disappearance life (tau=(2 (cm)) 2 / 
(2x2.5x103 (cm2/second)) =8x 10 to 4 seconds) (are fully short) of SiH3 activated molecule. And since it is 
shorter than disappearance life l.lx 10 to 4 seconds of a hydrogen atom radical enough, it thinks because 
ON/OFF of the plasma can be substantially disregarded now in a film production phenomenon. 
[0075] Moreover, another effectiveness is that there is very little particle which was obtained by this example 
and which is generated in the case of film production further. If ON time amount becomes 1 or less second as 
indicated by precedence reference (36 discharge research No. Yukio Watanabe, Shoji Shiraishi, "silane gas 
decomposition by RF modulation discharge", 138, P27- 1992), growth of particle will be controlled, and this 
will be considered to originate in particle hardly occurring substantially if 1kHz or more, i.e., ON time amount, 
becomes [ an ON/OFF frequency ] one or less ms preferably. That is, by this invention approach, since ON time 
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amount is made into 2xl(^^> or less seconds, particle can guess that^^in the condition of hardly generating. 
[0076] In addition, although detailed explanation and illustration are omitted, they can discharge particle, they 
being able to lengthen OFF time amount conversely and fully being able to spend many hours on discharge of 
particle, and can also prevent the increment. Namely, 200x200cm, when the substrate area S is the processing 
conditions of a 4xl05cm3/second, they substitutes these numeric values for a bottom type (8), and as for the 
discharge field residence time t of material gas, the distance delta x from 2 and a discharge electrode to a 
substrate becomes [ 2cm and a volumetric flow rate Q ] 0.2 seconds. Therefore, by making OFF time amount 
more than into time amount longer than this time amount t, i.e., 0.2 seconds, preferably at 0.4 twice as many 
seconds or more as this, particle was discharged from the plasma production field and it has also checked that 
the increment in the particle within a reaction container was controlled. 
[0077] t**(S-delta x)/Q - (8) 

In addition, although this example showed the case where a ladder electrode was used to the electrode, instead 
although optimization of a feeding point location took time and effort when the electrode of the shape of a mesh 
reported to JP,1 1-1 1 1622,A which is a kind of a ladder electrode was used, 10% of homogeneity was able to be 
acquired too. Furthermore, although time was further taken in trial-and-error of optimization of the feeding 
point also when an parallel plate electrode was used, 12% of homogeneity could be acquired and the 
homogeneity of there there was acquired, without using a complicated electrode like a ladder electrode. 
[0078] Moreover, although this example showed the case of the frequency near 60MHz, it checked that there 
was effectiveness that it is the same also near 20MHz and near 200MHz. 

[0079] (Gestalt of the 2nd operation) The equipment concerning the 2nd operation gestalt of this invention is 
explained, referring to drawing 3 . Drawing 3 is drawing showing the feeder circuit of equipment IB concerning 
the 2nd operation gestalt which added modification to the high RF (VHF) feeder circuit of equipment 1 A of the 
1st operation gestalt shown in drawing 1 . There is an advantage that the service-condition range is expandable 
from equipment 1 A of the above-mentioned 1st operation gestalt by equipment IB of this operation gestalt with 
modification of this feeder circuit. It is what also used this example for performing homogeneity film 
production by the high RF to the substrate of 2mx2m angle size, and since the configuration in reaction 
containers other than an electrical power system etc. is the same as that of the gestalt of the 1st operation, 
explanation of the point that both are common is omitted. 

[0080] The point that equipment IB of this operation gestalt differs from equipment 1 A of the 1st operation 
gestalt is five points of ** of a degree - **. 

[0081] ** Two frequencies from which the crystal oscillator built in each RF generator 5a and 5b in equipment 
1 A of the above-mentioned 1st operation gestalt differs about the oscillation frequency of an RF generator using 
an uncertain thing were generated. On the other hand, in equipment IB of this operation gestalt, the delta 
frequency is controlled by 2 wave signal generator 20 to constant value. In the former (equipment 1 A), when it 
is two combination in which a delta frequency cannot be chosen as arbitration, therefore only 10Hz delta 
frequencies are, a standing wave will not move by 10Hz, but the plasma will carry out ON/OFF the period, and 
it will give ****** to film production. Moreover, there is a possibility that an oscillation delta frequency may 
not be stabilized in time, consequently repeatability may become low. On the other hand, in the latter 
(equipment IB), it can fix to the optimal delta frequency and can operate. 

[0082] ** In equipment 1 A of the 1st operation gestalt, the protection network (not shown) of each RF 
generator 5a and 5b was also independent. On the other hand, in equipment IB of this operation gestalt, when it 
has only one protection network 22, the incidence power to each power source 5a and 5b was measured by the 
power meter six al and six b2 and either of the magnitude exceeded limiting value, the output of both power 
sources was restricted. Although the protection network of 1st power-source 5a serves to suppress the output of 
1st power-source 5a when it has become large exceeding the permissible dose of 1st power-source 5a by a 
certain cause in the case of the former (equipment 1 A) (for example, the incidence power to 1st power-source 
5 a) (sum of reflective power and the incidence power from 2nd power-source 5b) The superfluous incidence 
from 2nd power-source 5b is not suppressed at all, but since it is in a condition as it is, when the worst, 1 st 
power-source 5a may receive damage. 

[0083] On the other hand, if the same event as the latter (equipment IB) happens, a protection network 22 
works by the superfluous input to 1st power-source 5a, and since an output is suppressed and the incidence 
power to 1st power-source 5a is stopped, 1st power-source 5a will not damage the 1st and 2nd power sources 5a 
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and 5b. If the cause of theTuperfluous input from 2nd power-source 5Ws removed by performing adjustment of 
adjustment machine 7b etc. where incidence power is stopped, the output of both the power sources 5a and 5b 
can be raised again, and desired power can be supplied. 

[0084] In addition, since Isolators 24a and 24b are inserted in the 1 st and 2nd feeder circuits with this operation 
gestalt, respectively and fault power is usually made not to carry out incidence to power sources 5a and 5b, 
especially a protection network is unnecessary. However, when it seems that reflective power exceeds the 
permission power of Isolators 24a and 24b, and Isolators 24a and 24b have stopped operating, the protected 
operation by this protection network 22 is needed. ** In equipment 1 A of the 1st operation gestalt, a means to 
control the power (sum of reflective power and the incidence power from 2nd power-source 5b) which carries 
out incidence to 1st power-source 5a was only adjustment machine 7a. On the other hand, in equipment IB of 
this operation gestalt, it is made the configuration which loses the power which carries out incidence to power 
sources 5a and 5b from an electrode 303 side by inserting the isolators 24a and 24b which consist of a circulator 
and a load. 

[0085] In the former (equipment 1 A), even if it can do completely in zero power with which the output of 1st 
power-source 5a is reflected from an electrode 303 in adjustment machine 7a, since a phase differs from a 
frequency, power which carries out incidence to 1st power-source 5a through an electrode 303 and adjustment 
machine 7a from other power sources, i.e., 2nd power-source 5b, cannot be made into coincidence at zero. 
Therefore, when this power is large (the power which escapes from an electrode 303 according to the generating 
condition of the plasma etc. becomes large, becomes small, or is changed), big power carries out incidence to 
1st power-source 5a, the condition of 1st power-source 5a is made unstable, and when the worst, 1st power- 
source 5a may break by the superfluous input. When there is no plasma load before the plasma generates 
especially, it is easy to become such a situation. 

[0086] On the other hand, since Isolators 24a and 24b are inserted in the latter (equipment IB) feeder circuit, 
the incidence to power sources 5a and 5b can be altogether absorbed by the load, and destruction of the power 
sources 5a and 5b by the superfluous input is prevented. 

[0087] In addition, when using Isolators 24a and 24b, the frequency bandwidth of the isolator which makes 
rated value high-frequency power of kilowatt class like especially this example is very narrow. That is, the 
frequency bandwidth in lkW or less of high-frequency power is about 4% of an operating frequency, and since 
it in about 2kW of high-frequency power is about 1%, it needs to suppress the difference of the frequency of 1st 
power-source 5a and 2nd power-source 5b to these values. Since the oscillation frequency of 1st power-source 
5a was set as 60.2MHz with this operation gestalt and the oscillation frequency of 2nd power-source 5b was set 
as 59.8MHz, the difference of the oscillation frequency of both the power sources 5a and 5b was stored in less 
than 0.6MHz equivalent to 1% of frequency bandwidth in the case of 2kW rating. 

[0088] ** Although one power meter 6a and 6b was formed in each (a total of two sets) one line in equipment 
1 A of the 1st operation gestalt, two a power meter six al, six a2, six bl, and six b2 were prepared in each one 
line by equipment IB of this operation gestalt to this (a total of four sets). Since Isolators 24a and 24b were 
inserted in the feeder circuit, no matter it may usually be in what adjustment condition, the incidence power six 
al to power sources 5a and 5b, i.e., a power meter, and the reflective power in six a2 are zero. Then, it is 
because it is necessary to install a power meter six a2 and six b2 in an adjustment machine side, and to also 
measure the return power from the adjustment machines 7a and 7b rather than Isolators 24a and 24b in order to 
optimize an adjustment condition. 

[0089] ** In equipment 1A of the 1st operation gestalt, in order to branch coaxial cables 8a and 8b by the 
electrode side from the adjustment machines 7a and 7b, the T junction plug was used, but even if there were 
unequal ** of a plasma load, time amount change, etc. by equipment IB of this operation gestalt to this, 
Distributors 26a and 26b were used so that stable power distribution might be performed. 

[0090] The input control power of a total of 4kW was inputted, and the high speed on for example, microcrystal 
film production and of 1 .5nm/second in a film production rate was obtained by the above improvement. 
Moreover, thickness homogeneity was **10%. This has cleared the thickness homogeneity needed with Si thin 
film semiconductor for solar batteries. 

[0091] (Gestalt of the 3rd operation) The equipment concerning the 3rd operation gestalt of this invention is 
explained, referring to drawing 4 . Drawing 4 is drawing showing the feeder circuit of equipment 1C concerning 
the 3rd operation gestalt which added modification to the high RF (VHF) feeder circuit of equipment IB of the 
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2nd operation gestalt sho^^n drawin g 3 . 
[0092] Equipment 1C is equipped with the independent two power sources 5a and 5b, an oscillator 20, phase 
detectors 30a and 30b, the phase shift machine 33, and the function generator 34. The two power sources 5a and 
5b supply electric power to an electrode 303 independently in high RF (VHF) power with a same frequency of 
60MHz, respectively. The phase shift machine 33 is inserted between an oscillator 20 and 2nd power-source 5b, 
and the phase of the RF to which electric power is supplied from 2nd power-source 5b is shifted. The RF to 
which electric power is supplied by the electrode 303 from 2nd power-source 5b by this stops synchronizing 
with the RF to which electric power is supplied by the electrode 303 from 1st power-source 5a, and the electric 
supply power from both the power sources 5a and 5b is shifted. A function generator 34 is for sending the wave 
signal of arbitration to the phase shift machine 33, and controlling time amount change of phase contrast. 
[0093] If a high RF (VHF) with a frequency of 60MHz is oscillated from an oscillator 20, after one of them is 
amplified by 1st power-source 5a as it is and it performs phase detection to 1st phase detector 30a by delivery 
and phase detector 30a through a power meter six al, isolator 24a, a power meter six a2, and adjustment 
machine 7a, it will be supplied to an electrode 303 through distributor 26a. 

[0094] A phase is shifted to other one line of an oscillation quantity RF (VHF) with the phase shift vessel 33, 
and after the rest performs phase detection to 2nd phase detector 30b by delivery and phase detector 30b 
through 2nd power-source 5b, a power meter six bl , isolator 24b, a power meter six b2, and adjustment 
machine 7b similarly, it is supplied to an electrode 303 through distributor 26b. In this case, a function 
generator 34 controls so that the phase contrast of Network a and Network b changes in time with the phase 
shift vessel 33. That is, time amount change of phase contrast inputted into the phase shift machine 33 the 
arbitration wave signal generated with the function generator 34, and controlled it. Phase contrast detected the 
phase of each networks a and b with phase detectors 26a and 26b just before each distributors 30a and 30b, sent 
the detection phasing signal to the phase shift machine 33, and carried out feed hack control. 
[0095] In this operation gestalt, if it fixes to fixed phase contrast and operates, to a standing wave happening 
and the plasma becoming an ununiformity, by changing phase contrast in time, a standing wave can be moved 
and uniform plasma generating and film production thickness distribution can be acquired with the time average 
within film production time amount. And in case Isolators 24a and 24b and the protection network 22 which are 
used with the **** 3 operation gestalt operate power sources 5a and 5b like the case of equipment IB of the 
operation gestalt of the above 2nd, they contribute to stabilization of power sources 5a and 5b. 
[0096] Under the present circumstances, when phase contrast is modulated not much at high speed, the 
frequency band of a RF exceeds the frequency bandwidth of breadth and Isolators 24a and 24b, and there is 
possibility of Isolators 24a and 24b being damaged. Then, the spectrum analyzer (not shown) was connected to 
the phase detecting elements 30a and 30b, and the modulation rate was determined in the range which becomes 
less than 1% of the frequency which is rating about bandwidth. 

[0097] In this example, when the frequency of the phase control signal from a function generator 34 was 
modulated as 10kHz, bandwidth did not exceed 1%. 

[0098] (Gestalt of the 4th operation) The equipment concerning the 4th operation gestalt of this invention is 
explained, referring to drawing 5 . Drawing 5 is drawing showing the feeder circuit of equipment ID 
concerning the 4th operation gestalt which added modification to the high RF (VHF) feeder circuit of 
equipment 1 A shown in drawing 1 . 

[0099] Equipment ID is equipped with the independent two power sources 5a and 5b, two independent power 
meters 6a and 6b, mixers 40, adjustment machines 7, and distributors 26. With a **** 4 operation gestalt, the 
high RF (VHF) power of a frequency which is different first, respectively from two sets of independent RF 
generators 5a and 5b is outputted. This high-frequency power was mixed by the mixer 40, and the ladder 
electrode 303 was supplied through the adjustment machine 7 and the distributor 26. 

[0100] This operation gestalt could acquire less than **10% of thickness homogeneity, and was able to attain 
the desired end in the simple feeder circuit. Incidentally, with this operation gestalt, time was taken in trial-and- 
error of optimization of feeding point arrangement, and rating of a mixer 40 restricted the maximum of power to 
2kW. 

[0101] (Gestalt of the 5th operation) The equipment concerning the 5th operation gestalt of this invention is 
explained, referring to drawing 6 . Drawing 6 is drawing showing the feeder circuit of equipment IE concerning 
the 5th operation gestalt which added modification to the high RF (VHF) feeder circuit of equipment 1 A of the 
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1st operation gestalt shov^nn drawing 1 . 

[0102] Equipment IE is equipped with the AM oscillator 50, RF generator 5, the power meter 6, the adjustment 
machine 7, and the distributor 26. It considered as the AM RF with 60MHz [ of carrier frequencies ], and a 
modulation frequency of 30MHz by amplifying and obtaining the RF of RF generator 5 with the AM oscillator 
50. In this, electric power was supplied to the ladder electrode 303 through the power meter 6, the adjustment 
machine 7, and the distributor 26. 

[0103] According to this operation gestalt, **15% of comparatively uniform thickness distribution was able to 
be acquired in the simple circuit. 

[0104] S.Samukawa, (Gestalt of the 6th operation) "Role of Negative Ions in High-Performance Etching 
UsingPulse-Time-Modulated Plasma" and Extended Abstract of 4 th International Conference on Reactive As it 
is in Plasmas, SR 1 .04, pp.41 5, and 1998. When generating the plasma using the gas of a halogen system, for 
example, the gas of a chlorine system, generating a chlorine anion (C1-) and using for etching of a semi- 
conductor, conventionally In case it generates, the plasma is extinguished and the plasma is extinguished by 
carrying out ON/OFF of the power generated from an RF generator, a chlorine anion is generated in large 
quantities according to the electron attachment effectiveness, Improvement in the speed of etching and quality 
improvement are attained using the effectiveness that the wall charge produced on a substrate front face 
disappears. In this example, it is aiming at producing this effectiveness by moving a standing wave. Using 
equipment IB of the 2nd operation gestalt shown in drawing 3 , the difference of two different frequencies is set 
to 4kHz, the plasma was generated using the gas of a halogen system, for example, the gas of a chlorine system, 
the chlorine anion (C1-) was generated, and the semi-conductor was etched. At this time, in the part of the film 
of a standing wave, since the plasma will be in the condition of ON, and the condition of OFF of the plasma in 
the part of a knot, by moving a standing wave at high speed, it is efficient and can etch by generating a chlorine 
anion in large quantities and simply at high speed. 

[0105] The rate to which a standing wave is moved, i.e., the change period of a phase, was longer than about 
100 microseconds of generating time amount of the chlorine anion shown in said reference paper, and it was 
made into about 250 microseconds so that it might become 4 or less times more than twice. At this time, the 
time amount of Plasma OFF becomes about 125 microseconds, and sufficient anion generating is acquired. This 
is realizable by setting the difference of a frequency to 4kHz. 

[0106] Furthermore, while a plasma consistency becomes high compared with 13.56MHz used with a 
conventional method by using 60MHz for the frequency of a RF, when plasma sheath thickness becomes thin, a 
lot of chlorine anions generated in the plasma flow into a substrate side efficiently, and the effectiveness that an 
etch rate becomes still quicker is acquired. The about 4 times [ at the time of using the conventional 13.56MHz 
single frequency ] etch rate was obtained these results. This operation gestalt is applicable also to the surface 
treatment approaches, such as washing by the plasma of the reaction container used for film production of a 
silicon thin film etc., and the so-called self-cleaning. 

[0107] (Gestalt of the 7th operation) The equipment concerning the 7th operation gestalt of this invention is 
explained, referring to drawing 7 . Drawing 7 is drawing showing the feeder circuit of equipment IF concerning 
the 7th operation gestalt which added modification to the feeding point and the RF frequency of equipment 1 A 
which were shown in drawing 1 . 

[0108] Equipment IF are equipped with 1st power-source 5a which supplies a RF with a frequency of 
60.00MHz, 2nd power-source 5b which supplies a RF with a frequency of 13.56MHz, and the two feeding 
points nine b2 attached in the ground electrode 3 and nine b2. 

[0109] When this operation gestalt was applied to etching of the silicon film by halogen system gas NF 3, the 
high-speed etch rate (about 10nm/(second)) was uniformly obtained by the lmxlm large area according to the 
high density nature by 60MHz high high frequency, and the substrate bias effectiveness by 13.56MHz and the 
depressor effect of the standing wave according to the difference of both frequency further. 
[01 10] This operation gestalt is applicable also to the surface treatment approaches, such as washing by the 
plasma of the reaction container used for film production of a silicon thin film etc., and the so-called self- 
cleaning. 

[01 1 1] In addition, although the operation gestalt of the above 1-7 mainly explained the example of a four-point 
electric supply method, this invention can be applied to other multipoint electric supply methods, such as a two- 
point electric supply method, a six-point electric supply method, an eight-point electric supply method, a ten- 
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point electric supply met^^^and a 12-point electric supply method, ^^^>ut being restricted only to this. 
[0112] 

[Effect of the Invention] According to this invention, uniform processing can be performed to very big substrate 
and front face which use a high RF (VHF) for film production, etching processing, etc. of a large area, and also 
exceed lmxlm. In spite of being a high RF in plasma-CVD film production etc., the RF plasma production 
approach, the semi-conductor manufacture approach, and the surface treatment approach of equalizing a cotton 
RIPURAZUMA consistency broadly are offered. 

[Translation done.] 
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* NOTICES * 



.IPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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JI]«tcD^CQ4%^F*l, 0$L<lil%KtrtT'*5* 30 
[0 0 4 1] W*«7fi, ««*S5t&ffl^Tj£fc««:«l 

lo<Oi|&fl|^36»b*tS:©JSjft*«5il5JBI«ESr^f|&i-5ii: 
[0 0 4 2] ftJltJS9M\ ^SiS^WIfSfgi bT 

2o©ja»*s:fflv^oi:f4sij«)#ai: lt> njg&tt 
ti(omi£&ffi&#ff$\tihizmk£ j &z>. -rtett. ami 
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[0043] is^j^To fifit#jg i ~ 9 cot^-r tva* 1 m 

N/OFFtl!) iSi-JB t4oTLSK fUifiiflr/j: t* 
{cONWttffiSrttitSfcft^^S^fti bT, nttft 

ISttiftK fiett^fc KI4-T J: 
0S<, »*b<fil/2WTti-S^i:Sr«pmi:-r5 
t>cDT*<fc5. 

[0 044] !&3fcJS 1 1 {48*9 1 ~ 9 <OV^-f 1 « 

!JiON<o«ta8Sril»»t5fcii>^ ! 6J.B**f*i: bT. Hftft 
4fcW\ AM«WH««©JS»« 

t UftftWlM Tit (7) *»e>*»feix5 s i ftfi 

t *r (Ax) 2 / (2D) - (7) 

Df4teifc#,ifcTD=2. 5 X 1 0 3 (cm 

2 s") , a x tenmfr <bmm&x<D%m (cm) 

i?*/KO## 1 . 1 X 1 0" 4 if*, 
P>a>— fcb<f4, Pl^J; 9$S< , #2;b<f41/2 

[0 0 4 5] W*JS 1 2 {4, HtJfciS 1 ~ 9 CD^-f 1 

«(c|Ettro*&m*rj£t-*3V^T, 7'7?:^<P<Dfg&m*h 
b< »4fiH*^t b< l^^y^y^XvMfoOF 
F i$m\z&£. IstefrZfcm , ft k xili^ y =5-^>ftsi k'~ 

<DfcmzttHik bT, jo£kmm*m< ttascT'? 

HfStfeJH^t) b < fi-f *>&3&$i-r SolcSMO F F 
^fWSr(S«fb, t5>o, ^oy^XvWttfffcK 
(4St4^fcb< iWtyW>t5iti:R»7 , 7X 
v?ri4^*rsS0FFt5rii;iota?Wi;3 
ttSttlR^ t b < liStt^^ t ) b<l4^r^-v^^^$-er 
5*#tLt, »«»©SSoiS»jBc-Cifo5«JW, *fc»4» 

^ $ * 5 7" 7 X-r f W SttMT- 1 b < i4ei4^ t b < 
•?*< > ^olOffiFWT, »*b 
< {4 2 «JK± 4 fi&WT t -T 5 i k k -f Z h OTfo 

[0 0 4 6] «*3S 1 3 14, If 1 ~ 9 CD 5 *j Wttf> 
llEttcOi^«*-}£^*3V^T, JliS^cOMco^TfcSJl 

T, b< 141 5 y#«Ttt5r irtcj; 9, r 

[0 0 4 7] W*3S 1 4 (4, 1 ~ 9 CO p -t,HtL7l^ 

l|E«CD^m*-S^*5^T, il^^CO^CDigSfcTfoS^ 



1 



( 7 ) 



(8) frb&%£ti%mwtf*<onmmm$&tifm t <t 
r- * ? ji> <d & m & m 5 r t * ¥?m t -r 5 1> o r& £ 0 

[0 0 4 8] t ^ (S • Ax) /Q ••• (8) 

fc*ru snm^mm (cm 2 ) 

A xf2&®®S^Sffi£r<D^ (cm) 
QfiflMtift* (cm 3 /f» 

ff^iJI 1 5 tt. 1-14 CDV v<r*l7^ 1 «(C|S«cO 

&mjjmcte\,^x. mm<o i ^w^^^/Hb^^m^ 

[0 0 4 9] fft*JS 1 6 fl ff 1-14 <DV vf tl^ 

l^icfE«c^^«*ffi(c:^v^T, -jfttotcfflv^tbi* 

[0 0 5 0] 1 7 ft, 1-16 (D^-rtlfr 

Sr^-rsr t^ewtc, Mcmmm<Doib, mmzmw 20 

[0 0 5 1 ] «*K 1 8 1-17 CDV^-f tl^ 

[0 0 5 2] »#JS 1 9 1 8 KfEttCD^X 

[0 0 5 3] If ** 2 0 f**3g 1-17 \Z&m<Dffi 

[0 0 5 4] If** 2 1 f3\ »*Jg 1 8 (rffi«<0^7 X 

[0 0 5 5] fS**2 2fi, ff**l-2 1 JgcOV^tl 

^fstt^s^ffi, ^7Xv«4*s, 40 

<^JaSt*Jd 5 1 0 — 8 0 0 MH z co®Htc&5 r t 

k-rz&nzrm, /?xv»4*», *w#»ig^ffi4 

[0 0 5 6] 

w<e>«* Lv^||^fi<o?K^i^ov^rKw■t■5 0 
[0057] (» 1 (Dmmmm) m 1 u*** «b 

£Ifc^-f5 0 iilAlt *l»®ft!lffls i¥«#ffiR& 50 
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0 3 *5<fc 3 &fix.tv^o RJEB*»2tt« 
*K:o< feix, 1 7*JJ;V»*«1 8*Wr 
{c-^tb-ettgi P Lti/^o 1 7fiE^L*v> 
#*flfl»*lte*SU r*LSriior«t«ffl^^*sSJcB» 
Si 7rt(:«AJWJ;5(:ioTv^ 0 Mf 1 8tt 
H*U*v^^^<OBR5lffi!l«caiiuri/^o oft^ 
MK^^JCJ; 9S^S2^fiEEtel x i o 6 T o 
r r8«*i?Jtffi#«i-*ri:a«r#SJ:5lc*orv^ 

[0 0 5 8] T — *mU 3 t 5 3 0 3 t \Wx1& 

(Omm (fflzLtt 2 Omm^ll) £ o r ^fffiififi $ tl 
r^5 0 T — ^WM. 3 M ttlfti: Lrco^f^^Sffi 

1 6&«»rsfcft(0«M* (H**T) S«l 

5o T — ^ffifii3fi % SftlSfil 6^2. 0mX2. 
0mftt>fXtfc6i^li2. lmX2. lmftWX 
tU »»**tr^5 0 **3 % ^ife^l 7<Dtf*»k 

[0 0 5 9] 9 /-IS 3 0 311 ¥fT/jHMfc*0>«# 
3 0 4 t -#<0«#f6]««* 3 0 5 i SrtS^flt 

[0 0 6 0] y y—mm 3 0 3M4 OCO^fl:^ 9 a , 

9b,Wt?>nT^s 0 :o5t2o(Oiiro<st^ 

9 a fi— *<^«l*[6l«ai# 3 0 5 2 OCO^ 

2 CO^*^ 9 b , ttffi*^«*rfi]«S* 3 0 5 e» 

3 0 5Sr^^H^-T5i:ro(c-e^n{4eLrv^ 

[0 0 6 1 ] 2o^l(^)«9 aCtt^fttSISli 
W/W8a5rjMtI^7a, /n^ — ^— ^6 a, 
*1^K««««5 a^^(OWB*C»«li$tLrv^6 0 »1 
^S5JSiSffl:aB5 a {2^i£S£6 0. OMHz^flilJIK 

(VHF) S:^^-r5^^ffi^tg^Srrt«UT^f9, 2 
o<7)Jg l C0*&m^ 9 a tt7 ^-Sffi 3 0 3 \cm®i 
15:6 0. OMHzOHM (VHF) ^17 — 755^$ 

Jx5±5l^ftorv^5. BE-frS7 a^e>«s«o 

[0 0 6 2]-^ *2<^j(&«^9b.ic:tt^«E-rara 

Lt^o^ HlSS6 0. 3MHzWililSS (VHF) 
fc»«i-5i*JWtt«tH»«:rtJKLr*5 0, 2ow$2^) 

i&m^ 9b,^Lt7 y-ms 303 \cm&& e o . 

3MHz^iH5)liS (VHF) '<V — &mH6£tl&±.1 



( 8 ) 

[0 0 6 3] rw«fc 9(£#fa-r5if£fl;,6 9 a, 9 b,* 
^LTSV^**5ffl««0>*i«H& (VHF) tuy? 

-m&3 o 3\cw&-rz>m^, 2^<o^Mm& (vh 
f> r$<Dm$im<Dm. (^mmmxao. 3mh z ) &m 

[oo64] &mt&m-vi-z. ? y—Wfc 303 <DMfa-t 

©^i^f^it^WtW^fiil^l^g a , 9 b, 10 

[0 0 6 5] &#»«#fa<^7X^£/&#^|c: 

5>(C_tT#4,£ «$C8,6) . ±T#8,£ (»16 20 
,6) tiJp^^OKrtCJ;'), 

[0 0 6 6] * fc, *JIJ£01J-ef4 2 odfljff 5a, 5 b 

^?>±T2^;ro^®^;^b^r^ j e r ix*&«L-c^s 

4ow^S,*©#^icS^5Jlig^roi*ii5«iS (VH 
F) /<7-Sr^ii«t5r irlc<fc«3, £<bt£7°7 

[0 0 6 7] HI 2 {4, WttK:^— *ffi±0>{£|I (ffift 30 

c c d 7j > 7 «fc 9 aijse Lfc^msr^-r^tt^m-r-fc 
^ a t r ?> (±mmcomm±A^hm^mmm<Dm\z * o 

X7M©*H4± 7 % (ftHftffi 1 2 7 /*/Jvfi 1 1 40 

[0068] rtbti, i^jiScmjs 1 1 mmi&mm 2 ©ji 

»io. 3MHzt^3 0 0kHzi;J:5 r If— 
Id 3 0 73 femx-QWi Z&Z^kfrXZtik ffifti 

X.hflZ>o 50 
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[0 0 6 9]-*. r VMiifJSeEtt* 

Kiiis«^$!i)iip o a k * » 5 * n m m tiwm m 

5%im5:i*'?>, ^iiE-rsi 51:, SIBSiiftiS 
Kt>&< , 75>ofl;81^roi«^StroAAtt l 0 OWSS© 

[0 0 7 0] fttd, a - S i HMPftKHrA S i 

[0 0 7 1 ] *1\ 0J;Lfi2 0 CCiC^JtLTiSffifc- 
^3itS i i^Sf *MH-r?) 2mX 2mftt-l'X©lI 
16S:*«Lfc. ^i»ffl7*>bSiH,^S:t 
til«ii2 0 0 0 sccmfi|AL > £blC'$Lf&£hS 
i $m<DW&ia-i* S i H < 7y^tcjDx.T7K^7y^Srfc 
tttf500 00 scc mS««(tL/c. HSgSMRtffcgj 
* U fc L * v ^ Jf S JK v ©i|!*Si« S: 5 r 
t-C-S^§§lf*3»£E^?r^J^(4'2 0 OmTo r rl:i 
IPLfc 0 

[0072] mm%im?}m))m&<7'yx^\cm®&ti 

Z> X b KSB 1 £.t>*g5 2 ©l-g-g 7 a , 7b£^r;*ve;ftJ5 
SE Loo, fUHJfigmii 5 a 75^«ffl^6 0. 0M 

Hz<Dmmffl& (vhf) m^srtt^-rsirirtfc m 

2&mi&WM5 b*>bf4JlJK^:6 0. 3MHz©ilill 
a$ (VHF) m^ttii&U ^SJ!l5a, 5b^b«/< 
7-£-£-§H-5 kMz.l-£3 o 0 OWi^SJ; 5 fci^i^Jl 
& (VHF) ***^L, Sfil6t7^-tS3 0 
3t©IB^7 p 9X-vSr^iS-e-fc 0 7'7X-vtpT-l4S i 
H 4 tH&M L, a - S i K^fe B B a S i jRiAS 

bit* J; 5 ic Mflgjg^fifc t x.t£fflt 

'tfs&mmizm^X 1 . 0 nm/#iV^5i^3S/S S; f#?>it, 
i&-ttMt± 1 0 <0 , *^@?tilffl S i «SI^ftT' 

^St $it5tS|-'tt4:j*fi)cUfc 0 
[0 0 7 3] ^bt-, ■C*fc«©KfltSriH3feLfctr. 
^5>, ^x.li7-=f>"t'-^lt^9 : l^gx.5/j;i*ilp n nf 

x\ t<om. iw> ^Tt^tt, hmm 

5 c mX 5 c mig©/|4y7 , /K*Pi D 6 0MH z 

[0074] -^fl 7E$E$i<Dt8,'&tt&MK£.iXtiiC 
S/^X^roON/OFFiiS, H-^<, i" M 
mkm&3 0 0KHzffc5:iH, 1 Affile 3 073 
Ex 2(HlON/0 F F/0^'9ig^it-5^*b, — HKDOF 

f s#Ffl(4 2 x i o- 6 tttr>. siH, ee^H 5 -© 

Hfe ( ( t = ( 2 (cm)) 2 / (2X2. 5X1 



0 3 (cm 2 /#) ) =8X10"») &Vh+ft\ZM 
<, *>>o x ^gT-7^/KOW##l. 1X10' 4 

o n/o f f *mmmzm&x$ z>xo \^^tc^> t n 
[0075] *mmmx*mbfttzw.\zh ?-kd 

2ENo. 138 N P27-36, 1992) \Z.WM £ tlX V » 5 <fc 0 O 10 

NB$rfl^ i fyri:^ 6 1 ;<-t a * ^(o^tmu z 

*U »4 L< (iON/OF F/Si£i£^ i kHzHlt* 

btoN^^ 1 5: 1 jlW^(-^^i:^<!f 

^btL5o -T^^^, *^*?£T1j:ON0#FI$:2xl 

[0 0 7 6] &jb\ Pbl^PJi:ll|7Ff^B§-r5^, 

C^t-e#^> 0 -r^^>^, SSBiS^2 0 0 X 2 0 0 
cm 2 , Mlffi^^SS4W» A x ^ 2 c m, ft: 
m$tAQ&4 X 1 0 s cm 3 /f>(7)j({ll^©^, r 

ti?)(oitt^T^ (8) wxx^xmMxxnmmmm 

B*[W t J: D ftVN^r«T. -TtefrhO. 2#JU-k(-, »£L 
< f3 2f£cO0. 4#«±(-t?>I^[-J:oT, ^^X-v 

f/wmtotmmztiz^ k hmwx%tc 0 

[0077] t =f (S - Ax) /Q ••• (8) 30 

istztK tcottt> «9 ^ y—wm^-mx^^mw- 1 
1-11162 2^^^£nT^s^g^m« 

^(18«-ttlO%S:#5:i:mfco SfeK, ¥t? 

[0 0 7 8] **Jfe^jT*fi6 0MH z^iaco^ig 40 

Lfc#, 2 0MHz#iS^2 0 0MHzft 

[0079] (^2 (ommmm) m 3 l** h 

12 3 ft. m 1 ^LtSHSil^lf 1 ACDBJKJS 
& (VHF) ««IillfttcKK<rAi^^:JB2^>3ftlk»tlRI^ 
«SKBl B(Oi|i&«liIKS:*ria-e*)5, w^«&«EB5 

(D^m^x *) ^mmmm^mm 1 b x&±.mm 1 hmtk 

5ir^5fiJj£ri*S>5o ***S«"Ct> 2mX 2 m^f^fX 50 
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[ooso] **jg^«g(o3ge i b i nmm<Dm 

[0081] ©i^&m^o^tg^&^co^T, ±ib 
US l 2M6»tta>3S« 1 At?f4*ix W^JUfllKWIl 5 
a, 5 b«crt«$ix5*ft*«#*s^flt*»ftr t^Jffl 

x^mmmm^mm 1 b -eft, 2 201a 

MIA) ««*S6*:tt«K:a-S;ri:3*S"e# 
1\ LfctfoT* 0y*.tf««jRli^ 1 OH z Ls4>4V^2 
oOl^C/ioTL^ofJ^C, SftiSfilOHz 
^7X-7^g»t'ON/OFFL 

5*5-ttt^&So rn(->PJ-LT^^ (gflB) 
[0 0 8 2] ©Jg 1 HU£7gfg<7)£5fi 1 ATI! 

(Dmm&mns a, 5 b ^mugg (ig^-fr-r) 

<D(R»iailg2 2<0*Sr*L, ttt-?f^««5 a, 5 b 
^OA#ftt*j£>*!7--^-~* 6 a, , 6b 2 tateL, ^ 

»<oa*Sr»JRi-aj:5KUfco Su^ (8B1A) (Dm 
Witf»it«5a^A«W (SStl^^ US 
2«jS5 b^b^Altt*^) ftrbd^JSH'CSB 

1 WM 5a(D ffFS* Sr git^<iotLSofc 

t-, JBl«8K5 aO«Hf[ElKM:tRimaR5 aomAtrfl) 

*2«as5 b^e>^iaw*Aittt4 

-&t-tt« 1 115 a ^«<KSrS^5 r i ^*>5. 
[0 0 8 3] inCMLtff (SB IB) 

2 2#m\i*X, miRxm2mM5 a, 5bi:tiCttl* 

r\ Hiss a^««i-5r fcr±ftv\ a»«**s» 
tl bthfzftMxm&m 7 b oilft if ttT 5 r t K<fc 

[0 0 8 4] Ti^o, $Sl^lrij:7^ 
a, 2 4 b«:IBiXV»2<oj»«lllK^*tt^ix#A 
ii*ttia«*3&s««5 a, 5 b I^AWUi^J: 5 M 

MiW7^yu-^2 4a, 2 4b^fFgI*?rSx. 
tltV\ 7-fyu-^24a, 24bWit4<4 



A ( 10 ) 

flinf^£>K(c««. <3«SnBs»tt«)»« l At? 
14, Mil 5 a K AfchJ-5flt;>3 (SWl^Jt, |g21 

a (D^T*fcofc 0 i^ttLT^^fiWglg 1 BT- 
tt"^—^^. l^-^iM^P 3 *2>7-1' y U— * 2 4a, 

2 4 b^ifA-f Si iridic miS3 0 3^J^e>mi!l5 
a, 5 bicAWtSl^^K tMlcLTV^S. 

[0 0 8 5] hu# (SIB 1 A) T-f2, fg 1 «Si 5 a (DtB 
^3^®^ 3 0 3frbKft£tlX < a 7? 

2S5 b^f>fi3 0 3 if^S7 a SriloTlg 1 SiSsC 5 

|^B#{Cif ai^-r?,^ t(4T-#7il/\ Itiiot, ret 

3 0 3Srft!tT< ?>m^li, A#<ftofcD/h£<fto 
fcOfgWi-S) . miWM5 a{C^#^Sg^755AltLT 

$1115 a Wttffifc^jeic: U ft»©*& 
fii&PJ A;*3 «fc 9 $ 1 mSK 5 a 2}S«;JxT L * 5 ^TfiMtt 

<^4§-g-(C r©J:5*ttat-*t)^ ,, rv% 20 
[0 0 8 6] r*U::*fLT^# (iBlB) Wi&miHlgg 
{riiT-f V U— * 2 4 a , 2 4 b SrffA LTV^5 cDT\ 
mag 5 a, 5 b—cDA^5rA#T-±-C!Ri|X-r?)r.i^-r* 

-So 

[0 0 8 7] &*5, T^yu-^24a, 24b 

1"^t>^, WJS««* 1 kWKTfcfcltSJBiS 

MS^r6 0. 2MHzl:RJU 2 B8g 5 b <D?£M 

5 b <0««JS«tt£>fS*r. 2 kW£»©i^©aiSSff 
«*S 1 0. 6MHzKrtC*5$ftfc 0 

[0 0 8 8] Utt^ffiO^S 1 A -CIS, — 

^-?6a, 6b^l ^fo (^ft 2 Rtffc 

:fti:»Lt*«t»l©Wi BT*f4, 40 

2£rfo^!7 — — ^ 6 a, , 6a 2 , 6b,, 6 b 2 £t£ 
ttfc 0 M0KC7^yi/-^24a, 2 

®2H5 a , 5 b— (DAfttmjj-tteti-h^y — 2 6 a 
,, 6 a 2 lC*3(t5S#t«^«if o-C&So ^-T% 
tS^f Iftt^/c^(C7^ y U-y- 2 4 a , 24 b J; 

[0 0 8 9] ©mi 36Jfe?BlB<D3gtt i A-ett, 7 50 
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a, 7bJ:vIMfe^-^8a, 8b^Mt 

2 6a, 26b Lfc 0 
[0 0 9 0] A^^l7-^ff4kW 

±io%T*fcofc 0 rttfi, xmmmms i»m*m& 

[oo9i] (* 3 <n$£m<DM&) m 4 $r#fiS Lfc# & 

[g|4f4, H3fc*LfcfB2Hll6»ffl<z>a6«i BOJSMJa 
(vhf) j|ft*[B]Kl^SK»APiL^A3 0Xtt»nic: 

[0 0 9 2] 1 C 14, 3£l3:<7> 2 o«jlg 5a, 5 b 

i: , 3§tg^ 2 0 t , tetBtfcaiS 3 0a, 3 0 b <Jr N ffiffi 
v/y h§§3 3 77^v'ay^U-^34^ 
ix.T^5. 2olfi5a, 5 b f4 N R CJl&gfe 6 0 M 
H z OftiCAft (VHF) /<!7 — S:««3 0 3lC^tl-€ 

14, ««»2 0i:»2«SR5 b tolHK»A$*t, 12 

5Motv>5 0 rixl-J: ( 9^2lS5b^bii3 0 
3tC«&«Stb5iSjgjfif4Sl«aS5 a^btS3 0 3C 
»«S*tSW»»fcraMHUft<ftO, W«*5 a, 5b 

♦ ^3 414, ttt©80WI*tttll'>7h»3 3K 

[0 0 9 3] mM$$2 0t>*t>miSi1k6 0MH z <£>iSfl5A 
tt (VHF) *<a-*«l4-t<&S£» 
1«« 5 a "WHS Six, ^17 — ;*—* 6 a,, T-fVU 
-^24a, ^^-7 6a 2 , I^7a^U 
ffi 1 ffit&fcfctiS 30a(^ v , ffiffittWS 3 0a "Cffitt 
tttHSrtToT^fe, »ES2 6a^LTHi3 0 3(l 
#M&£*X£ 0 

[0 0 9 4] 3§tgSSKJSi£ (VHF) Oft!lC0-^gt(4, 
ttfr>7 h«3 3t?fl[ffi4:i/7hSh, «r4niKlCjR2 
«aS5b, ^'!7^-^6bu 7^7U-^24b, 
/<7^-^6b 2 , »*«7 b4r^ur*2tt«*fcffl 
«3 0b^i3l9, ffititftm«3 0 b-CffitttftfflSrtToT 
frb, »ES2 6 b Sr^LtlS3 0 3C«l&$il§o 
rcom^fC, ffitiv^^ h^3 3tllca i:^^b t <D{iL 

l/-7 3 4«|»t5o i"<Cfe*>ffiffilS<^«FW*{t*47 

r ^^ >a :/v>ol*u— * 3 4(cJ:or^^S^fcfiE 
»»«^*ffi*B'>7 b#3 3tClA*U-C»J»Ufc. 

Sf4, #^ia^3 o a, 30 bco^ES^J^cjov^T#^^ 

a, bC0fift^{it@^/±S^2 6 a , 2 6b(Cj:«9; 



( 11 ) 



[0 0 9 5] ^CQllJg^fitCfel^T, — ^wtetBSIfcB 

^fsrtms. tit, 3 nitjgiB-effiffl l 

tl^7'fyi/-^2 4a, 2 4 b £ {£»[hIS& 2 2 (2, 

±ia* 2 <D%tbmi6<omm. 1 b t i^«tc*M 5 10 

a, 5 b Srf^fft$*5Kt-x mi® 5 a , 5b«D^^k(C 
[0 0 9 6] ^CD^, (B:ffi3SSr*>*9i«a[-caEWI-rS 

£, mmfev>mfc%cntn$Ltffc&y. vu-* 2 a 

a, 2 4 bC5J^aSS^iHSrSx.r L*V\ 7M V u- 
*24a, 2 4 b*s««i--5>S:ir<o^r«Btt*s*)5 D *r 

3 0 a, 3 0 btSML, ^«4BSr/£t&T-*>-5J5a£fg:<£> 

[0 0 9 7] *HJ£«ajT-(47r y-^^i/- * 20 

3 4tf>broffc*@$iJ#PfI ^§-<73Jli£$:£ lOkHzi Ltf 

[0 0 9 8] {'m4<r>mM<OWm) IH5Sr#figL^^P3 

@5li, HI 1 (C^Lfc^gl AWftft^iS (VHF) j& 
SmSSt-^SESrJDxfcfM 0>£gt|jtf£j£l::fg£§ga 1 D© 
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